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Motivation

• There is the need to support customers providing services based on transient radio links 

with an adequate ionospheric index and an appropriate scale



42nd COSPAR Scientific Assembly

▪ DIXSG has been introduced (PSW.3-0008-18 ESTIMATING THE DEGREE OF IONOSPHERIC 

PERTURBATIONS USING AN IONOSPHERIC INDEX )

▪ The workshop has selected DIXSG as a potential candidate for the development of an 

ionospheric weather scale

▪ Further validation as well as real-time assessment needed

▪ ISWAT Team (ID: G2B-04, Ionospheric perturbation indices and scales) supports the 

development of an internationally recognized ionospheric weather scale

14.-22.07.2018, Pasadena Convention Center 

PSW.3: 

From Ionospheric Indices towards 

Standardised Activity Scales for 

Space Weather Services

Main Scientific Organizer: Jakowski, Norbert 
Deputy Organizer: Terkildsen, Michael



Why is the definition of an comprehensive ionospheric index and 
a related scale so challenging?

Regional dependencies Temporal dependencies Technical dependencies

Solar Flare

Scintillation occurence in equatorial region

Ionospheric Storm System dependence

Frequency dependence

@Nasa, SDO

SAR

SATCOM

GNSS PPP 

(single versus dual)

Plenty of different 

use cases!



Disturbance Ionosphere Index Spatial Gradient (DIXSG)
Simple but effective

Volker  Wilken, Martin  Kriegel, Norbert  Jakowski, Jens  Berdermann (2018) An ionospheric

index suitable for estimating the degree of ionospheric perturbations, J. Space Weather Space 

Clim. 8 A19  DOI: 10.1051/swsc/2018008

ROT - Rate of TEC

• The DIXSG is scalable in its sensitivity to the strength of perturbations 

• Possible to choose different levels depending on the application.
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Real time processing of DIX-SG

The scale can be optimized to the size of the considered ionospheric disturbances (the  minimum 

distance is of course dependent on the density of the used receiver grid)



Storm events used for to determine the

threshold among others are:

• Oct. 29 – Nov. 1 2003 (Halloween 

Storm)

• Nov. 19 – 22 , 2003

• March 16 – 20, 2015 (St. Patrick-Storm)

• June 22 – 26, 2015  

• Dec. 19 – 24, 2015

Five level were finally chosen to fix the 

sensitivity of the index (50, 100, 150, 

200 and 250) and dmin was set to 10km 

and dmax resp. D to 1000km.

DIXSG test and threshold adjustment for the 5 level scale 

St. Patrick’s Day Storm



Application of the DIXSG to ionospheric storms 
Comparison with ROTI

St. Patrick’s Day Storm

ROTI DIX



ROTI versus DIXSG

▪ Both indices are easy to calculate and free of model assumptions, calibration 

methods or geometry corrections

▪ Both indices can cover larger areas 

▪ ROTI is very well established and widely used

▪ DIXSG is more flexible and customizable to specific user needs

➢The values can be selected by direction (e.g. North-South only) 

➢The scales of the considered ionospheric disturbances of interest can be 

filtered (depending on GNSS ground receiver network geometry) 

➢The number and values of thresholds can be adopted to specific application 

requirements  

➢The values can be disseminated in a discrete simplified way as an integer scale



Mean DIXSG Europe

(Lat. 55° to 65°, Lon. 0° to 10°)

Ionospheric Storm („Motherday Event“) 09-11.05.2024 



Comparison Mean DIXSG with geomagnetic Indices



Keogram Europe

Keogram Global

Keogram North America

UT / h



Disturbance Ionosphere Index Spatial Gradients (DIX-SG)

Ionospheric Storm („Motherday Event“) 10-11.05.2024 – Movie -



Access to the DIXSG Product

https://impc.dlr.de/products/ionospheric-

perturbations/dix-sg

You can click 

on the image 

to open an 

interactive 

view

Access:

• The latest image is shown

• When you log in you will also find a link to download 

the latest data file

• The website currently holds 7 days and synchronizes 

every 3 minutes with the database, which is updated 

every minute

https://impc.dlr.de/products/ionospheric-perturbations/dix-sg


Summary

▪ Disturbance Ionosphere Index-Spatial Gradients (DIXSG) is an Index for 
estimating ionospheric gradients using rate of TEC measurements 

▪ Time resolution and latency is in the order of the sampling time (< 1min)

▪ DIXSG has been computed for different storms indicating the degree of 
ionospheric perturbation degree scaled on 5 activity levels 

▪ A comparison with ROTI indicates that DIXSG is a flexible and useful approach

▪ DIXSG on global scale is closely related to the Dst

▪ DIXSG reacted to TEC gradients caused by the Ionospheric Storm  (Mother’s 
day Event on 10 May 2024 and the following days immediately and properly 
(i.e. the course of the storm could be observed and described accurately and 
simplified by the index in real time )

▪ Since January 2024,  the DIXSG-processor is in continuous operation at the 
IMPC
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Outlook

• We are now in an optimal phase within the 11-year solar cycle to study performance of indices 

in a real time environment and to evaluate their benefit in respect to the impact of Space 

Weather on various technologies (maximum solar activity 2024-2026).

• Please try out and use the DIXSG Index for analyses and validation



Advertisement:  Related Talks

Panel SW.3: Preparation for a New Ionospheric Space Weather Scale for

Transionospheric Radiowave Propoagation

Wednesday, 17.07.2024  EC1-314

▪ 09:30 PSW.3-007-24   Norbert Jakowski at al

Ionospheric Indices GIX and SIDX and related perturbation scales

▪ 09:45 PSW.3-008-24  Juan Andrés Cahuasqui at al

Characterisation of the topside Ionosphere using Swarm data the TEGIX and 

NeGIX indices
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